Vitamin D-dependent rickets type I (VDDRI) represents an autosomal recessive hereditary defect in vitamin D metabolism. Patients with VDDRI have mutations of chromosome 12 that affect the gene for the enzyme 1-␣-hydroxylase, resulting in decreased levels of 1,25(OH) 2 vitamin D. Clinical features include growth failure, hypotonia, weakness, rachitic rosary, convulsions, tetany, open fontanels, and pathologic fractures. The oral and dental manifestations of VDDRI have not been described. Here we present the case of a 10-year-old girl affected by VDDRI, as established by the combination of clinical and radiographic findings, family history, and laboratory values. Dental examination revealed markedly hypoplastic, yellowish-to-brownish enamel in all permanent teeth, malocclusion, and chronic periodontal disease. Large quadrangular pulp chambers and short roots were evident in dental radiographs. Light microscopic and ultrastructural examination showed abnormalities of dental hard tissues, affecting both enamel and dentin. The differential diagnosis and treatment of VDDRI are discussed. 
Vitamin D-dependent rickets type I (VDDRI), vitamin D-dependent rickets type II (VDDRII), and hypophosphatemic vitamin D-resistant rickets (HVDRR) represent the 3 distinct hereditary defects in vitamin D metabolism. [1] [2] [3] The rate-limiting, hormonally regulated step in the bioactivation of vitamin D is 1-␣-hydroxylation by the renal enzyme 1-␣-hydroxylase. 4 Deficiency or absence of this enzyme has been shown to cause the rare autosomal recessive disease VDDRI, also called pseudo-vitamin D-deficiency rickets. 1, 5 The cDNA and gene for this enzyme were recently cloned, mapped to chromosome 12q13.3, and identified as P450c1␣. 2, 3, 5 VDDRII, also designated as hypocalcemic vitamin D-resistant rickets, represents another autosomal recessive form of rickets caused by an abnormality in the vitamin D receptor, producing target organ resistance to 1,25(OH) 2 vitamin D. 1 The third form of hereditary rickets, HVDRR, represents an Xlinked transmitted trait, which has been recently associated with mutations in the PHEX gene. 2, 3, 6 VDDRI appears with high frequency in the Canadian French population of Quebec province. 7, 8 It usually manifests clinically during the first year of life. Ten different allelic variants of VDDRI have been identified, exhibiting little or no clinical differences. 5 Prominent clinical manifestations of VDDRI include growth failure, short stature, skeletal abnormalities, genu valgum, rachitic rosary, open fontanels, pathologic fractures, muscle weakness, and convulsions. 1,9,10 Radiologic findings usually include fractures, generalized osteopenia, growth failure, and arched or curved legs. 1, 9, 10 The most common laboratory findings include hypocalcemia, hypophosphatemia, elevated parathormone levels, and high alkaline phosphatase. 1, 9, 10 Moreover, the serum levels of 25(OH) vitamin D are normal or raised, while the levels of 1,25(OH) 2 vitamin D are low or undetectable. 10 To our knowledge, there are no published reports detailing the intraoral manifestations of VDDRI and only a few reports describing the oral findings in VDDRII. 11, 12 On the other hand, the oral and dental manifestations of the more common HVDRR have been well described in the literature. [13] [14] [15] [16] Those include a marked anterior open bite with enamel and dentin defects. Usually, the enamel is markedly hypoplastic and abnormal, similar to the pitted type of enamel hypoplasia. The most common intraoral radiologic findings include large pulp chambers, short roots, poorly defined lamina dura, and hypoplastic alveolar ridge. Because of the extension of the pulp horns towards the dentinoenamel junction, attrition results in pulp exposure and pulp death with ensuing multiple abscesses and apical radiolucencies. [13] [14] [15] [16] Histopathologic examination of teeth from affected patients shows interglobular dentinal masses with variable degrees of calcification, a wide predentin layer, defects at the dentinoenamel junction, and fissures that may extend from the enamel to the pulp. [13] [14] [15] [16] Similarities between the aforementioned findings and the oral manifestations of VDDRI might be expected, given the comparable defects of calcium metabolism in these disorders.
The purpose of this article is to report a case of VDDRI in a 10-year-old girl and to describe the oral and dental findings of the disease.
CASE REPORT
A 10-year-old Venezuelan girl was referred to the Pedodontics Graduate Clinic at the Faculty of Dentistry of the Central University of Venezuela for cosmetic reasons. Medical history was unremarkable. Physical examination showed markedly curved legs and short stature; patient's height was 4 feet, which is 3 standard deviations below the average height of an age-matched group (Fig 1) . Dental examination revealed markedly hypoplastic, yellowish-to-brownish enamel in all permanent teeth, especially on occlusal and interproximal surfaces (Fig 2) . Malocclusion was also observed (Fig  2) . Other clinical findings included generalized marginal gingivitis and periodontitis. Dental radiographic examination included periapical, panoramic, and lateral views, and showed large quadrangular pulp chambers and short roots (Fig 3) . Radiologic examination of both hands disclosed decreased bone density with an osteoporotic appearance. Serologic examination, including serum calcium, phosphorus, and alkaline phosphatase, revealed relatively low levels of calcium (8.14 mg/dL; normal range 8.3-10.4) and phosphorus (2.86 mg/dL; normal range 3.0-5.7) and marked elevation of alka- line phosphatase (1058 U/L; normal range 0-270). Serum parathormone was also assessed and found to be at the upper range of normal (70 pg/mL; normal range 12-72 pg/mL). Moreover, the level of 25(OH) vitamin D was normal (25.5 ng/mL, normal range 8.9-46.7 ng/mL), whereas 1,25(OH) 2 vitamin D was 21 pg/mL, falling into the lower third of the normal range (6-62 pg/mL).
The right first maxillary premolar was extracted for orthodontic reasons. It was fixed in 10% formalin and submitted for decalcification and histopathologic examination. Microscopic findings included variable degrees of dentin calcification, variation in size of dentinal tubules, abnormal globular dentin, osteodentin, and a wide predentin layer (Fig 4) . The left first maxillary and right first mandibular premolars were also extracted for orthodontic reasons and submitted for scanning electron microscopic examination and quantitative X-ray microanalysis, according to previously described techniques. [17] [18] [19] Ultrastructural examination revealed parallel arrangement of enamel prisms with thinning of interprismatic substance. Alterations in the ultrastructure of dentin were also observed, including variations in dentinal tubule size and intertubular dentin density (Fig 5) . Calcium and phosphorus levels, as assessed by quantitative X-ray microanalysis of the affected teeth, were within normal limits.
Genetic counseling was obtained, and examination of additional family members (mother, father, and brother) was performed, with findings suggesting no evidence of disease. On the basis of clinical and radiographic findings, family history, and laboratory values, the diagnosis of VDDRI was established.
The patient was referred to the Department of Endocrinology for 1,25(OH) 2 replacement therapy, and to the Department of Cosmetic Dentistry for dental treatment.
DISCUSSION
Vitamin D is intimately involved in a wide variety of biologic processes, including calcium homeostasis, bone formation, and cellular differentiation. In order to exert its effects, vitamin D must be activated by a metabolic pathway that requires the enzymatic activity of 25-hydroxylase and 1-␣-hydroxylase. 3, 4 VDDRI is inherited as an autosomal recessive disorder. The gene for VDDRI has been recently mapped to the long arm of chromosome 12, region 1 bands 2 to 4 (12q12-q14), representing the location of the 1-␣-hydroxylase gene. A deficiency in the enzyme 1-␣-hydroxylase causes a decrease in 1,25(OH) 2 vitamin D production. 2, 3 Hence, it has been suggested that the disease should be referred to as 1-␣-hydroxylase deficiency. 2, 3 The dental and oral findings of VDDRI have not been described in the literature. In our case of VDDRI, hard dental tissue alterations were observed, mainly consisting of enamel hypoplasia and dentin defects. Generalized periodontal disease and growth deficiencies in maxilla were also noted. The latter may be directly related to the malocclusion observed in this patient. Panoramic and periapical examination showed large quadrangular pulp chambers and short roots. His- tologic and ultrastructural examination revealed abnormal enamel matrix and dysplastic dentin. Taken together, these findings were comparable to those of X-linked HVDRR and VDDRII. [11] [12] [13] [14] [15] [16] Interestingly, multiple periapical abscesses, a feature characteristic of X-linked HVDRR and attributed to presence of microclefts in the dentin contributing to pulp exposure, were not observed.
Differential diagnosis of VDDRI includes VDDRII and X-linked HVDRR. In contrast to VDDRI, VDDRII is characterized by alopecia and elevated serum 1,25(OH) 2 vitamin D. 1 Hypophosphatemic vitamin D-resistant rickets, on the other hand, is more frequently encountered and has a male predilection. The clinical features of this disease are comparable to those of VDDRI and VDDRII; however, neither tetany nor convulsions are usually observed. [13] [14] [15] [16] Moreover, the laboratory values are dissimilar, as hypophosphatemic rickets presents with significantly depressed phosphate levels and normal calcium levels, whereas 1,25(OH) 2 vitamin D levels are low or in the low normal range. [13] [14] [15] [16] From a dental standpoint, conditions characterized by dental structural defects such as amelogenesis imperfecta, dentinogenesis imperfecta, and dentin dysplasia should be included in the differential diagnosis.
The treatment of VDDRI typically consists of intravenous or per os administration of physiologic quantities of 1,25(OH) 2 vitamin D (1 to 2 g/d). Patient response is usually good. 1 On the other hand, patients with VDDRII may respond only to very high doses of 1,25(OH) 2 vitamin D (10 to 40 g/d); calcium supplementation is also provided. 1 Finally, 1,25(OH) 2 vitamin D and oral phosphate supplements are necessary for the treatment of HVDRR. [13] [14] [15] [16] Early diagnosis of these conditions is necessary to prevent major dental abnormalities and bone deformities. 10 Given the propensity Fig 4 . Histopathology of the right first maxillary premolar shows (A) variable degrees of dentin calcification, abnormal dentinal tubules, and a wide predentin layer and (B) globular dentin and large, abnormal dentinal tubules (A and B, decalcified sections; hematoxylin and eosin, original magnification ϫ400).
Fig 5. Ultrastructural features of VDDRI.
A, Parallel arrangement of the enamel prisms with thinning of the interprismatic substance (longitudinal section, uranyl acetate and lead citrate; original magnification, ϫ2500). B, Dentin tubules of variable size are surrounded by dense peritubular dentin; variation in the density of intertubular dentin is also observed (cross section, uranyl acetate and lead citrate; original magnification ϫ1250).
for periapical abscess formation in hypophosphatemic rickets because of pulp exposure, the coronal aspects of the teeth should be covered with crowns or composite restorations; prophylactic pulpotomies may also be considered. [13] [14] [15] [16] The propensity for occurrence of multiple periapical abscesses in patients with VDDRI and VDDRII is not known. However, the presence of enamel and dentin defects raises the need for aesthetic intervention, while a caries-preventive protocol and close follow-up should be in effect (Wright JT, Professor of Pediatric Dentistry, University of North Carolina at Chapel Hill, May 2002, personal communication).
In conclusion, we have described VDDRI in a 10-year-old Venezuelan girl. Patient serologic, general clinical, oral, dental, radiologic, and light and electron microscopic features are delineated. The importance of working through a differential diagnosis to rule out clinically similar metabolic and developmental dental structural disorders is emphasized.
